V" rs 10/534795 

JC^Rec'dPCT/PTO 12 MAY 2005 

1 

DESCRIPTION 

SWITCHING POWER SUPPLY 

TECHNICAL FIELD 

The present invention relates to a switching power supply with high efficiency, 
small size, and low noises. 
BACKGROUND ART 

A switching power supply turns on or turns off a switch to control a current 
flowing through a primary winding of a transformer, and rectifies and smoothes a 
voltage developed across a secondary winding of the transformer, to supply the 
resulting current output to a load. Since the transformer used in such a switching 
power supply serves to transfer energy, a structure and a characteristic of the 
transformer play important roles. 

FIG. 1 is a view showing a structure of one example of a magnetic leakage 
transformer disclosed in Japanese Patent Application Laid-open No. 2000-340441. 
The magnetic leakage transformer 111 shown in FIG. 1 is comprised of an E-core 
113, formed with a magnetic circuit, which is made of magnetic material, an 
I-core 115 that forms a main iron core together with the E-core 113, a primary 
winding 119 and a secondary winding 125 mounted to the E-core 113 at suitable 
locations, a cylindrical magnetic leakage iron core 123, made of magnetic material, 
which is located in a position through which magnetic fluxes leaked from the 
magnetic circuit pass, and a current detection winding 121 mounted onto the 
magnetic leakage iron core 123 for detecting leakage magnetic fluxes. 

In the magnetic leakage transformer 111, since the magnetic leakage iron core 
123 made of magnetic material is located in a position through which magnetic 
fluxes leaked from the magnetic circuit pass and the current detection winding 
121 is mounted onto the magnetic leakage iron core 123 for detecting the leakage 
magnetic fluxes, the current can be detected without causing power loss and 
complexity in structure. 
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DISCLOSURE OF THE INVENTION 

In the meanwhile, research and development work has been progressively 
undertaken in recent days to provide a switching power supply wherein a reactor 
5 is connected to a primary winding of a transformer in series to allow a switch to 
execute switching operations through the use of energy stored in the reactor for 
thereby minimizing switching losses. In such a structure, in order to further 
eliminate the switching losses, the reactor needs to have a well-suited inductance 
value. 

10 However, since the magnetic leakage transformer 111 merely has a fixed 
leakage inductance, the inductance of the reactor have been appropriately adjusted 
by connecting an external reactor to the primary winding 119 in series. This 
results in an increase in the number of component parts, an increase in costs, an 
increase in a packaging surface area and an increase in size of the switching 

15 power supply. 

It is, therefore, an object of the present invention to provide a switching power 
supply wherein a transformer has a well-suited leakage inductance value with no 
external reactor while making it possible to achieve zero-voltage switching for 
thereby providing high efficiency and a minimized structure at low noises. 

20 The present invention has been completed with a view to addressing the above 
issues. A first aspect of the present invention provides a switching power supply 
comprising a first series circuit, connected to both terminals of a direct current 
power supply, in which a primary winding of a transformer, a .eactor and a first 
switch are connected in series, a second series circuit, connected to both terminals 

25 of the first switch or both terminals of the primary winding and the reactor, in 
which a second switch and a capacitor are connected in series, a smoothing circuit 
smoothing a voltage developed across a secondary winding of the transformer, and 
a control circuit alternately turning on and turning off the first and second 
switches, wherein the transformer includes a main core, formed with a magnetic 

30 circuit, on which the primary and secondary windings are wound with a given gap, 
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and a plurality of auxiliary cores disposed in the given gap with a given distance 
in a circumferential direction of the primary winding, and wherein the reactor is 
formed of a leakage inductance of the transformer. 

A second aspect of the present invention provides a switching power supply 
5 comprising a first series circuit, connected to both terminals of a direct current 
power supply, in which a primary winding of a transformer, a reactor and a first 
switch are connected in series, a second series circuit, connected to both terminals 
of the first switch or both terminals of the primary winding and the reactor, in 
which a second switch and a capacitor are connected in series, a smoothing circuit 

10 smoothing a voltage developed across a secondary winding of the transformer, a 
control circuit alternately turning on and turning off the first and second switches, 
and a feedback winding located on a secondary side of the transformer to allow 
energy stored in the reactor, when the first switch is turned on, to be circulated to 
a secondary side when the first switch is turned off, wherein the transformer, 

15 formed with a magnetic circuit, including: a main core that has a central leg on 
which the primary winding of the transformer and the feedback winding are 
wound with a given gap, and a side core on which the secondary winding of the 
transformer is wound, and a plurality of auxiliary cores disposed in the given gap 
with a given distance in a circumferential direction of the primary winding, and 

2 0 wherein the reactor is formed of a leakage inductance of the transformer. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a view illustrating a structure of one example of a related art magnetic 
leakage transformer. 

2 5 FIG. 2 is a circuit structural view showing a switching power supply of a first 

embodiment. 

FIG. 3 is a timing chart for signals at various parts of the switching power 
supply of the first embodiment. 

FIG. 4 is a timing chart illustrating details of signals appearing at various parts 

3 0 of the switching power supply of the first embodiment when a switch Ql is turned 
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on. 

FIG. 5 is a view illustrating a B-H characteristic of a transformer incorporated 
in the switching power supply of the first embodiment 

FIG. 6 is a timing chart of a current flowing through a saturable reactor 
5 incorporated in the switching power supply of the first embodiment 

FIG. 7 is a structural view showing a concrete example 1 of an inner bobbin of 
the transformer. 

FIG. 8 is a structural view showing a concrete example 1 of an outer bobbin of 
the transformer. 

10 FIG. 9 is a structural view showing a concrete example 2 of an inner bobbin of 
the transformer. 

FIG. 10 is a structural view showing a concrete example 2 of an outer bobbin of 
the transformer. 

FIG. 11 is a circuit structural view showing a switching power supply of a 
15 second embodiment. 

FIG. 12 is a structural view showing a transformer incorporated in the switching 
power supply of the second embodiment 

FIG. 13 is a timing chart for signals at various parts of the switching power 
supply of the second embodiment. 

20 

BEST MODE FOR CARRYING OUT THE INVENTION 

Hereinafter, switching power supplies of various embodiments according to the 
present invention are described below in detail vvith reference to the 
accompanying drawings. 

2 5 <Embodiment 1> 

A switching power supply of a first embodiment features that when a main 
switch is turned on, electric power is directly supplied to a load via a secondary 
winding of a transformer while when the main switch is turned off, excitation 
energy stored in a primary winding of the transformer is stored in a capacitor C3 

3 0 to turn on an auxiliary switch whereby first and third quadrants on a B-H curve of 
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a core of the transformer is used and making up shortfalls in the excitation energy 
with energy from a reactor L3 allows a starting point on the B-H curve to rest on a 
lower end of the third quadrant whereas a saturable reactor is connected to the 
primary winding of the transformer in parallel whereby the saturable reactor is 
5 saturated at a terminating point of an on-period of the auxiliary switch to increase 
a current to cause a reverse voltage to sharply occur when the auxiliary switch is 
turned off for thereby permitting the main switch to achieve zero-voltage 
switching. 

FIGS. 2 A, 2B and 2C are circuit structural views of the switching power supply 
10 of the first embodiment. In FIG. 2 A, connected across both terminals of a direct 
current power supply Vdcl is a series circuit that is composed of a reactor L3, a 
primary winding 5a (with the winging number nl) and a switch Ql (main switch) 
such as a MOSFET. Connected across both terminals of the switch 01 are a diode 
D3 and a resonant capacitor CI in parallel. 
15 The diode D3 may include a parasitic capacitor of the switch 01 and the 
resonant capacitor CI may include a parasitic capacitor of the switch Ql. 

Connected to a junction between one end of the primary winding 5a of the 
transformer T and one end of the switch Ql is one end of a switch Q2 (auxiliary 
switch) composed of a MOSFET. Further, other end of the switch 02 is connected 
20 to a positive electrode of the direct current power supply Vdcl and one end of the 
reactor L3 via a capacitor C3. Also, the other end of the switch Q2 may be 
connected to a negative electrode of the direct current power supply Vdcl via the 
capacitor C3. 

The reactor L3 forms an electric power supply source that stores electric power 
25 when the switch Ql is turned on and supplies stored electric power to the 
capacitor C3 when the switch 01 is turned off. 

Connected across the both terminals of the switch Q2 in parallel thereto is a 
diode D4. The diode D4 may include a parasitic diode of the switch Q2. The 
switches Ql, Q2 have a duration (dead time period) in which both switches Ql, 
30 Q2 are turned off and are alternately turned on or turned off by PWM controls 
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performed by a control circuit 10. 

Connected across the both terminals of the primary winding 5a of the 

transformer T is a saturable reactor SL1. The saturable reactor SL1 utilizes a 

saturating characteristic of a core of the transformer T. Since a large alternating 
5 current with equal amplitude flows through the saturable reactor SL1, magnetic 

fluxes equally vary between first and second quadrants in terms of a zero point on 

a B-H curve shown in FIG. 5. 

As shown in FIG. 5, further, magnetic fluxes B (more properly, the symbol B 

represents a magnetic density and a true magnetic fluxes 0 are described as <t> 
10 = B"S where S represents a cross-section area of a core. In this case, S = 1 and 0 

= B are supposed) saturate at Bm in terms of a certain positive magnetic field H 

and saturate at — Bm in terms of a certain negative magnetic field H. The 

magnetic field H is generated in proportion to the magnitude of a current i. With 

the saturable reactor SL1, the magnetic fluxes B shift in a path: Ba — ► Bb — * Be 
15 — ► Bd — * Be — » Bf — * Bg on the B-H curve and the magnetic fluxes have a 

wide operating range. States between Ba and -Bb, Bf and Bg on the B-H curve 

represent saturated states, respectively. 

Wound on a core of the transformer T are the primary winding 5a and a 

secondary winding 5b (with the winding number n2) having the same phase to the 
20 primary winding 5a. Further, one end of the secondary winding 5b is connected to 

a diode Dl while a junction between the diode Dl and one end of a reactor LI and 

the other end of the secondary winding 5b are connected to a diode D2. 

Furthermore, the diodes Dl and D2 form a rectifying circuit. The other end of the 

reactor LI and the other end of the secondary winding 5b are connected to a 
25 capacitor C4. The capacitor C4 smoothes a voltage of the reactor LI to output a 

direct current output to a load LR. 

Also, the transformer T forms a structure as shown in a font cross-sectional 

view in FIG. 2B and in a side cross-sectional view in FIG. 2C, whose detail is 

described below. 

30 The control circuit 10 alternately and controllably turns on or turns off the 
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switches Ql and Q2 and controls in a way to decrease an on-duration of a pulse 
applied to the switch Ql while increasing an on-duration of a pulse applied to the 
switch Q2 when an output voltage of the load RL exceeds a reference voltage. 
That is, a decrease of the on-duration of the pulse of the switch Ql when the 
5 output voltage of the load RL exceeds the reference voltage allows the output 
voltage to be controlled at a fixed voltage. 

Further, the control circuit 10 turns off the switch Q2 at time when a current 
Q2i of the switch Q2 increases and, thereafter, turns on the switch Ql. When 
turning on the switch Ql, the control circuit 10 turns on the switch Ql during a 

10 given period wherein the voltage of the switch Ql becomes zero voltage due to a 
resonance between the resonance capacitor CI connected to the switch Ql in 
parallel thereto and a saturated inductance of the saturable reactor SL1. 

Next, a basic sequence of operations of the switching power supply of the first 
embodiment mentioned above is described with reference to timing charts shown 

15 in FIGS. 3, 4 and 6. FIG. 3 is the timing chart for signals at various parts of the 
switching power supply of the first embodiment. FIG. 4 is the timing chart 
illustrating details of signals at various parts of the switching power supply of the 
first embodiment when the switch Ql is turned on. FIG. 5 is a view showing a 
B-H characteristic of a transformer incorporated in the switching power supply of 

20 the first embodiment. FIG. 6 is the timing chart of a current of a saturable reactor 
incorporated in the switching power supply of the first embodiment. 

Also, FIGS. 3 ad 4 show a voltage Qlv developed at the both terminals of the 
switch Ql, a current Qli riowing through the switch Ql, a voltage Q2v developed 
at the both terminals of the switch Q2, a current Q2i flowing through the switch 

25 Q2, and a current SLli flowing through the saturable reactor SL1. 

First, if the switch Ql is turned on at time tl (corresponding to time til to tl2), 
a current flows in a path: Vdcl — ► L3 — ► 5a(SLl) -> Ql -» Vdcl. Then, 
energy is stored in the reactor L3. Also, at this time, a voltage is developed across 
the second winding 5b of the transformer T to cause a current to flow in a path: 5b 

30 — * Dl — ► LI — ► C4 — * 5b. Moreover, a current SLli also flows through the 
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saturable reactor SL1 when the switch Ql is turned on, and then energy is stored 
in the saturable reactor SL1. 

As shown in FIG. 6, the current SLli varies on a current value a (negative 
value) at time tl, a current value b (negative value) at time tlb, a current value c 
5 (zero current) at time tl3, and a current value d (positive value) at time t2, in turn. 
On the B-H characteristic curve shown in FIG. 5, the magnetic fluxes vary in a 
sequence: Ba -* Bb — > Be — > Bd. Also, the symbols Ba to Bg shown in FIG. 5 
correspond to the symbols a to g in FIG. 6. 

Next, if the switch Ql is turned off at time t2, energy stored in the saturable 
10 reactor SL1 is charged to the capacitor CI. Then, a voltage resonance occurs 
between an inductance of the saturable reactor SL1 and the capacitor CI, thereby 
raising the voltage Qlv of the switch 01. Also, a current flows in a path: LI — > 
C4 — * D2 — ► LI, thereby supplying a current to the load RL via the capacitor 
C4. 

15 Then, when a voltage of the capacitor CI equals that of the capacitor C3, the 
saturable reactor SL1 releases energy to render the diode D4 conductive to allow 
the flow of diode current, thereby charging the capacitor C3. Moreover, the switch 
Q2 is turned on and then the switch Q2 falls in a zero-voltage switch. Also, the 
current SLli varies from a current value d (positive value) at time t2 to a current e 

20 (zero) at time t20. On the B-H characteristic curve shown in FIG. 5, the magnetic 
fluxes vary from Bd to Be. 

Further, while the saturable reactor SL1 releases energy, energy is released from 
the reactor L3 in a path: L3 — ► 5a(SLl) - > D4 -» C3 — ► L3, thereby charging 
the capacitor C3. That is, energy from the reactor L3 is added to energy from the 

2 5 saturable reactor SL1 in the capacitor C3. Then, if the saturable reactor SL1 and 
the reactor L3 terminate releasing respective energies, the charging of the 
capacitor C3 is stopped. 

Next, during a period between time t20 and time t3, energy stored in the 
capacitor C3 flows in a path: C3 — ► Q2 — > SLl(5a) -» C3, thereby resetting the 

30 magnetic fluxes of the saturable reactor SL1. Likewise, the magnetic fluxes vary 



9 



in the transformer T to which the saturable reactor SL1 is connected in parallel. 

In this moment, since during the period between time t20 and time t3 energy 
stored in the capacitor C3 is fed back to the saturable SL1, the current SLli 
flowing through the saturable reactor SLli takes a negative value as shown in FIG. 
5 6. That is, the current SLli varies from the current value e (zero) at time 20 to a 
current value f (negative value) at time t2a. On the B-H characteristic curve 
shown in FIG. 5, the magnetic fluxes vary from Be to Bf. Also, a surface area S 
defined between time t2 and time t20 equals a surface area S defined between time 
t20 and time t2a. This surface area S corresponds to energy released from the 

10 saturable reactor SL1 and stored in the capacitor C3. 

Then, the current SLli varies from the current value f (negative value) at time 
t2a to a current value g (negative value) at time t3. On the B-H characteristic 
curve shown in FIG. 5, the magnetic fluxes vary from Bf to Bg. A surface area 
defined between time t2a and time t3 corresponds to energy released from the 

15 reactor L3 and stored in the capacitor C3. 

That is, since energy stored in the capacitor C3 corresponds to an added value 
of energy of the saturable reactor SL1 and energy of the reactor L3, the current 
SLli increases by a component equivalent to energy supplied from the reactor L3 
during the resetting of the magnetic fluxes. Thus, the magnetic fluxes shift to the 

20 third quadrant and reach to a saturable area (Bf-Bg) whereby the current SLli 
increases to mark the maximum level at time t3 (the same at time tl). The current 
SLli increases immediately before the on-period of the switch Q2 terminates and 
indicates a current appearing when the saturable reactor SL1 is saturated. 

Further, at time t3, the current Q2i of the switch 02 is maximized. Turning off 

25 the switch Q2 at this time allows the capacitor CI to rapidly discharge and the 
current shortly becomes zeroed. Then, the switch Ql is able to achieve 
zero-voltage switching. 

In such a way, since the switch Ql performs the zero-voltage switching due to 
energy stored in the reactor L3 connected to the primary winding 5a of the 

30 transformer T, the zero-voltage switching is not completely performed in the 
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presence of less energy in the reactor L3. Also, if energy is excessive, a 
circulating current increases, resulting in an increase in loss of the switch Ql. For 
this reason, the reactor L3 need to have an appropriate inductance value. 
(Basic Example of Transformer) 
5 Therefore, with the first embodiment, it is featured that the reactor L3 is 
connected to the primary winding 5a of the transformer T in series in a structure 
wherein a leakage inductance between the primary winding 5a and the secondary 
winding 5b of the transformer T is well-suited to allow the resulting leakage 
inductance to form the reactor L3 without requiring an external reactor for thereby 

10 achieving the simplification in a circuitry. That is, as shown in FIGS. 2B and 2C, 
auxiliary cores 24a and 24b are inserted between the primary winding 5a and the 
secondary binding 5b of the transformer T and adjusting the number of auxiliary 
cores and a length L enables a leakage inductance value to be regulated for 
providing a desired reactor (inductor). 

15 Describing a structure of the transformer T in detail, in FIGS. 2B and 2C the 
primary winding 5a and the secondary winding 5b are mounted on a central leg 22 
of a main core 21 having a B-shaped made of magnetic material, with a given 
spacing 23. Disposed in the given spacing 23 are auxiliary cores 24a, 24b, spaced 
from one another in a given distance along a circumferential direction of the 

2 0 primary winding 5a, which are made of two magnetic materials with a given 
length L. Also, the primary winding 5a and the secondary winding 5b have 
windings wound with insulation tapes, respectively, though not shown. 

Although this example has a structure that is composed of two auxiliary coros7 
adjusting the number of auxiliary cores and the given length L enables a 

25 well-suited leakage inductance value to be obtained. Further, increasing the 
number of auxiliary cores increases surface areas and increasing the given length 
L shortens a gap between the main core 21 and the auxiliary cores, resulting in an 
increase in a leakage inductance. Accordingly, appropriate energy is stored in the 
leakage inductance and this energy is able to allow the switch Ql to completely 

30 operate in a zero-voltage switching mode. 
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(Concrete Example 1 of Transformer T) 

FIG. 7 is a structural view showing a concrete example 1 of an inner bobbin of 
the transformer. FIG. 8 is a structural view showing a concrete example 1 of an 
outer bobbin of the transformer. The transformer of the concrete example 1 is 
5 comprised of the main core 21 shown in FIG. 2B, a cylindrical inner bobbin 31 
(shown in FIG. 7) on which the primary winding 5a is wound, and an outer bobbin 
33 (shown in FIG. 8), formed with slits 34a, 34b each with a given length L along 
a circumferential direction of the primary winding 5a to which auxiliary cores 35a, 
35b are inserted, which is larger in diameter than the first bobbin 31 and on which 

10 the secondary winding 5b is wound. The inner bobbin 31 and the outer bobbin 33 
are made of resin material. 

By adjusting the number of auxiliary cores and the length L, a well-suited 
leakage inductance value is obtained. Further, for the purpose of precluding the 
winding from dropping-off, the inner bobbin 31 has both ends formed with 

15 stepped portions 31a and, likewise, the outer bobbin 33 has both ends formed with 
stepped portions 33a. 

The transformer T with such a structure is fabricated in a manner described 
below. First, the slits 34a, 34b are formed in the outer bobbin 33 for mounting the 
auxiliary cores 35a, 35b and the secondary winding 5b is wound on the outer 

20 bobbin 33 on which the auxiliary cores 35a, 35b each adjusted in the given length 
L are inserted to the slits 34a, 34b. 

Then, the primary winding 5a is wound on the inner bobbin 31 and the inner 
bobbin 21 is inserted to the outer bobbin 33, on which the main core 21 is 
mounted with the inner bobbin 31 inserted to the outer bobbin 33, thereby 

25 completing the transformer T. 

Thus, since the transformer T as fabricated above has the reactor L3 with an 
appropriate inductance value and the insulation between the primary winding 5a 
and the secondary winding 5b is performed with the bobbin, the transformer T has 
excellent insulation and less stray capacitance. Also, an electric power supply is 

3 0 enabled to have an increased safety with a reduction in noises. Besides, no 
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insulation tapes are needed for the primary winding 5a and the secondary winding 
5b, providing an ease of fabrication. 
(Concrete Example 2 of Transformer) 

FIG. 9 is a structural view showing a concrete example 2 of an inner bobbin of 
5 the transformer. FIG. 10 is a structural view showing a concrete example 2 of an 
outer bobbin of the transformer. The transformer of the concrete example 2 is 
comprised of the main core 21 shown in FIG. 2B, the cylindrical inner bobbin 31 
(shown in FIG. 9) on which the primary winding 5a is wound, and an outer bobbin 
37 (shown in FIG. 10), larger in diameter than the first bobbin 31 and wound with 
10 the secondary winding 5b, which is made of insulating magnetic material such as 
plastic magnet material. The magnetic material may include ferrite and Permalloy. 

By adjusting a magnetic permeability of insulation magnetic material, a 
well-suited leakage inductance value is obtained. Further, for the purpose of 
precluding the winding from dropping-off, the inner bobbin 31 has both ends 
15 formed with the stepped portions 31a and, likewise, the outer bobbin 37 has both 
ends formed with stepped portions 37a. 

The transformer T with such a concrete example 2 has no use of the auxiliary 
cores, thereby enabling a transformer in a further simplified form. 
<Embodiment 2> 

20 Next, a switching power supply of a second embodiment is described below. 

The switching power supply of the second embodiment features that a feedback 
winding is located on a secondary side (output side) of a transformer to increase 
an inductance value of a reactor connected to a primary winding of a transformer 
and to cause energy, stored in the reactor when the switch Ql is turned on, to be 

2 5 fed back to the secondary (output side) side. 

FIG. 11 is a circuit structural view of the switching power supply of the second 
embodiment. Since the switching power supply of the second embodiment, shown 
in FIG. 11, differs from the switching power supply of the first embodiment, 
shown in FIGS. 2A, 2B and 2C, in respect of a transformer Tb and associated 

3 0 peripheral circuitries of the transformer Tb, only related parts are described. 
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In this example, the primary winding 5a (with the winding number nl), the 
secondary winding (with the winding number n2), and a feedback winding 5c 
(with the winding number n3) are wound on the transformer Tb. The primary 
winding 5a and the secondary winding 5b are wound in the same phase and the 
5 primary winding 5a and the feedback winding 5c are wound in an opposite phase. 
That is, the secondary winding 5b of the transformer Tb is loosely coupled to the 
secondary winding 5a to cause a leakage inductance between the primary winding 
5a and the secondary winding 5b to form a reactor L3 connected to the 
transformer Tb in series. Thus, energy, stored in the reactor L3 when the switch 

10 Ql is turned on, is fed back to the secondary side when the switch Ql is turned. 

One end (on a side •) of the secondary winding 5b and one end (on a side •) 
of the feedback winding 5c are connected at a junction to which an anode of the 
diode Dl is connected. The other end (on a side absent of •) of the feedback 
winding 5c is connected to an anode of the diode D2, and the cathodes of the 

15 diode Dl and the diode D2 are connected to one end of the capacitor C4. The 
other end of the capacitor C4 is connected to the other end of the secondary 
winding 5b (on a side absent of •). 

Next, operations of the switching power supply of the second embodiment with 
such a structure are described with reference to a timing chart shown in FIG. 13. 

20 Also, FIG. 13 shows a voltage Qlv developed at the both terminals of the switch 
Ql, a current Qli flowing through the switch Ql, a current Q2i flowing through 
the switch Q2, a current SLli flowing through the saturable reactor SL1, and 
currents Dli, D2i flowing through the diodes Dl, D2. 

First, if the switch Ql is turned on at time tl, a current flows in a path: Vdcl 

2 5 — ► L3 — » 5a(SLl) — ► Ql — ► Vdcl. Further, at this time, a voltage is developed 
across the second winding 5b of the transformer Tb to cause a current to flow in a 
path: 5b — ► Dl — ► C4 — * 5b. For this reason, as shown in FIG. 13, a current 
Dli of the diode Dl linearly increases during a period from time tl to time t2. 
Next, if the switch Ql is turned off at time t2, energy stored in the reactor L3 is 

30 circulated to the secondary side of the transformer Tb. That is, since a voltage is 
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induced in the feedback winding 5c on the secondary side of the transformer Tb, a 
current flows in a path: 5c — > D2 — ► C4 — > 5b — ► 5c. Therefore, as shown in 
FIG. 13, a current D2i flows through the diode D2 during a period between times 
t2 to t3. 

5 Thus, with the switching power supply of the second embodiment, an 
inductance value of the reactor L3 connected to the primary winding 5a of the 
transformer Tb in series is set to an increased value, and energy, stored in the 
reactor L3 when the switch Ql is turned on, is circulated to the secondary side of 
the transformer, providing an improved efficiency. Also, due to the diode Dl and 
10 the diode D2, a secondary current continuously flows during periods when the 
switch Ql is turned on or turned off. Thus, a ripple current of the capacitor C4 
decreases. 

FIG. 12 is a structural view showing the transformer for use in the switching 
power supply of the second embodiment. The transformer Tb shown in FIG. 12 

15 includes a main core 41, formed in a B-shape configuration, which has a central 
leg 42 on which the primary winding 5a and the feedback winding 5c are mounted 
with a given gap 23. Disposed in the given gap 23 are auxiliary cores 24a, 24b, 
made of two magnetic materials each with a given length L, which are spaced 
from each other with a given distance along a circumferential direction of the 

20 primary winding 5a. Also, the primary winding 5a and the feedback winding 5c 
have respective windings on which insulation tapes are wound, respectively, 
through not shown. 

In this example, there are two auxiliary cores. However, adjusting the number 
of auxiliary cores and the given length L allows a well-suited leakage inductance 
25 value to be obtained between the primary winding 5a and the feedback winding 
5c. 

Further, formed in the main core 41 are a pass core 43a and a gap 44, and the 
secondary winding 5b is wound on a side core 43. That is, the primary winding 5a 
is loosely coupled to the secondary winding 5b by the pass core 43a, resulting in 
30 an increase in a leakage inductance. 
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Thus, devising a shape of the core of the transformer Tb and the windings 
allows the primary winding 5a, the secondary winding 5b, and the feedback 
winding 5c to be coupled to a single main core 41 and providing the pass core 43a 
enables an increased leakage inductance to be obtained to form the reactor L3. 
5 Thus, coupling the transformer section to the reactor enables the power switching 
supply to be miniaturized at low costs. 

Further, locating a plurality of auxiliary cores in the gap 23 between the 
primary winding 5a and the feedback winding 5c and adjusting the number of 
auxiliary cores and the given length L enables a leakage inductance to be adjusted 
10 to a well-suited value. Accordingly, the switching power supply of the second 
embodiment has the same effects as those of the switching power supply of the 
first embodiment. 

Also, while the switching power supply of the second embodiment forms a 
structure in which the auxiliary cores 24a, 24b are located in the gaps 23 between 

15 the primary winding 5a and the feedback winding 5c, using the inner bobbin 31 
shown in FIG. 7 and the outer bobbin shown in FIG. 8 may allow the primary 
winding 5a on the inner bobbin 31 to be mounted on the inner bobbin 31 and the 
feedback winding 5c to be wound on the outer bobbin 37 such that the inner 
bobbin 31 is mounted to the central leg 42 of the main core 41 under a condition 

20 where the inner bobbin 31 is inserted to the outer bobbin 37. 

Further, using the inner bobbin 31 shown in FIG. 9 and the outer bobbin 37 
shown in FIG. 10 may allow the primary winding 5a to be wound on the inner 
bobbin 31 and the feedback winding 5c to be wound on the outer bobbin 37 such 
that the inner bobbin 31 is mounted to the central leg 42 of the main core 41 under 

2 5 conditions where the inner bobbin 31 is inserted to the outer bobbin 37. 

INDUSTRIAL APPLICABILITY 

According to the present invention, by setting a leakage inductance of the 
transformer to a well-suited value, no external reactor is needed and zero-voltage 
30 switching is made operative, thereby enabling to provide a switching power 
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supply with high efficiency, low size, and low noises. 

Therefore, the switching power supply of the present invention is applicable to 
a DC-DC conversion type power supply circuit and an AC-DC type conversion 
type power supply circuit. 



